In our recent paper, arXiv: 1402.6362, we have studied the dynamics of a mobile impurity particle weakly interacting with the Tonks-Girardeau gas and pulled by a small external force. Working in the regime when the thermodynamic limit is taken prior to the small force limit, we have not found the Bloch oscillations of the impurity velocity predicted earlier by Gangardt, Kamenev and Schecter [Phys. Rev. Lett. 102, 070402 (2009), Annals of Physics 327, 639670 (2012), Phys. Rev. Lett. 108, 207001 (2012)]. One of us (OL) has further conjectured in arXiv:1403.7408 that in this regime the central assumption underlying the emergence of Bloch oscillations -the adiabaticity of the dynamics -breaks down. In the preceding Comment, arXiv:1404.4366, Schecter, Gangardt and Kamenev have argued against this conjecture and in support of the existence of Bloch oscillations. They have suggested that the ground state of the impurity-fluid system is a quasi-bound state and that this is sufficient to ensure adiabaticity in the thermodynamic limit. Their analytical argument is based on a certain truncation of the Hilbert space of the system. We show that this truncation is inappropriate to describe the original many-body system; in particular, the discrepancy between the ground state energy calculated within the truncated model and the true ground state energy is much larger than the alleged binding energy of the quasi-bound state. For this reason all the conclusions derived in arXiv:1404.4366 on the basis of the truncated model can not be justifiably applied to the original many-body problem.
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Gangardt and Kamenev [1] and Schecter, Gangardt and Kamenev [2, 3] have predicted that an impurity particle dragged through a one-dimensional quantum fluid by a small constant external force exhibits Bloch oscillations. Their reasoning can be summarized as follows. The lower edge of the spectrum of the impurity-fluid system (or, in other words, the energy of the momentumdependent ground state), E g (P ), is periodic in one dimension with the period 2k F , where k F ≡ πρ and ρ is the particle density of the fluid. According to the adiabatic theorem, if the system starts from the ground state at a zero momentum and the force F is sufficiently weak, the system remains in the ground state with time-dependent momentum F t. Consequently, the Bloch oscillations occur: The velocity of the impurity is given by the periodic in time function ∂E g (P )/∂P | P =F t . A subtle point in this argument is how weak the force should be to preserve the adiabaticity of evolution and whether the adiabaticity survives in the thermodynamic limit. This unresolved question has triggered a discussion to which the present Reply contributes.
In our recent paper [4] we have studied the dynamics of a mobile impurity particle immersed in a one-dimensional Tonks-Girardeau gas of bosons or, equivalently in a onedimensional gas of noninteracting fermions. The interaction between the impurity and particles of the host gas readsV
where X is the coordinate of the impurity, x n is the coordinate of the n'th host particle, m h is the mass of the host particle, γ is the dimensionless coupling constant, γ ≪ 1.
In particular, we have studied the dynamics under the action of a constant force. Our method is quantitatively applicable for forces which satisfy
where η ≡ m i /m h is the impurity-host mass ratio. The evolution starts from the uncorrelated product state of the impurity with zero momentum and the ground state of the host gas with zero momentum (Fermi sea). The weak force regime which we focus on implies
We have found that in the light impurity case, η < 1, the oscillations are absent: the impurity velocity saturates without oscillations. In the heavy impurity case, η > 1, the sawtooth backscattering oscillations [3, 5] emerge having the same period as the Bloch oscillations predicted in [1] [2] [3] . Formally speaking, our findings [4] are not necessarily in contradiction with the prediction of Refs. [1] [2] [3] . One could imagine that the Bloch oscillations take place for forces much smaller than the critical forces on the right hand sides of eq. (2) but disappear for larger forces. Another exotic but logically admissible possibility would be that Bloch oscillations take place for the initial state considered in [1] [2] [3] but are absent for our uncorrelated initial state (note that due to the orthogonality catastrophe these two states have a vanishing overlap). However, these scenarios do not seem plausible for the reasons mentioned in [4] and further discussed below. Therefore we have called in Ref. [4] for a careful examination of the assumptions underlying the derivation of Bloch oscillations in [1] [2] [3] . One of us has further conjectured [5] that it is the assumption of adiabaticity which breaks down in the thermodynamic limit and invalidates the reasoning of [1] [2] [3] .
In the preceding Comment [6] Schecter, Gangardt and Kamenev propose arguments against this conjecture and in support of the Bloch oscillations in the thermodynamic limit. They suggest that the ground state of the impurity-host system is a quasi-bound state and that this ensures adiabaticity. The analytical argument behind this suggestion is as follows. Instead of solving the full many-body problem, they restrict the total Hamiltonian to the subspace spanned by states
with exactly one hole in the Fermi sea of host particles (the host particle which has left the hole is fixed at the edge of the Fermi sea, its momentum being equal to k F + δk, where δk = 2k F /(N − 1) and N is the total number of host particles). They find that in this truncated model the momentum dependent ground state is separated from the continuum by a finite gap ∆(P ). The gap ensures that the adiabaticity survives in the truncated model even in the thermodynamic limit. The presence of the gap is interpreted in [6] as an evidence of the formation of a bound state of an impurity and a hole with the binding energy equal to ∆(P ).
The question of how the results obtained within the truncated model relate to the original many-body problem is not worked out in [6] , apart from some cursory remarks. In our opinion, this constitutes the major shortcoming of [6] . In general, the truncation of the Hilbert space modifies qualitative and quantitative properties of the system uncontrollably. An immediate example of such qualitative modification is that the true spectrum of the impurity-host system is in fact gapless, in contrast to the truncated model. Schecter, Gangardt and Kamenev admit this fact [6] but argue that their conclusions remain nevertheless unaltered. They refer to the ground state of the original many-body problem as a quasi-bound state and claim that its structure still allows for the Bloch oscillations to survive the thermodynamic limit. We believe that this claim is delivered without substantiation.
We show in what follows that the truncated model is incapable to describe not only the full spectrum but even the ground state of the original many-body system. This casts serious doubts on the relevance of the truncated model to the problem under consideration.
Indeed, consider the truncated model at |P | < min(1, η) k F . The first excited state constitutes the lower edge of the continuum and its energy (measured relative to the energy of the Fermi sea) is given by
The ground state energy reads
where the gap ∆(P ) can be found from the integral equation [6] 2kF
We find the gap to be exponentially small in γ:
where C is some prefactor which is independent on γ in the leading order. Thus the expansion of E tr g in γ does not contain quadratic and higher order terms. At the same time the true ground state energy, E g (P ), does contain the O(γ 2 ) term [7] . For example, for η = 1 and P = 0 one obtains [8] 
One can see that the discrepancy between the ground state energy in the truncated model and the true ground state energy of the original many body problem is much larger than the gap:
Thus one can not regard the truncated model as a legitimate approximation to the original many-body problem, since the corrections not accounted for in the truncated model are much larger than the calculated quantity of interest, ∆(P ). 2 In fact, the above argument is related to a physical reason to doubt the existence of the quasibound state: The fluctuation of the kinetic energy of the impurity-host system is O(γ 2 ) and hence is likely to completely destroy the bound state associated with the gap which is exponentially small in γ.
We have shown that the truncated model of Ref. [6] is inappropriate for the description of the static properties of the impurity-fluid system. The inadequacy of the truncated model for the description of the dynamics of the impurity is most evident in the light impurity case:
1 In fact, in the integrable case of η = 1 the ground state energy Eg is known exactly for an arbitrary γ [8] , and one can verify that eq. (10) is valid not only for small γ but also for γ ∼ 1. 2 In the light impurity case there exist a range of momenta, |P − k F | > (1 − η)k F , for which the gap is not exponentially small but is still comparable to the discrepancy in the ground state energies: |Eg(P ) − E tr g (P )| ∼ ∆(P ) = O(γ 2 ). Obviously this does not improve the merit of the truncated model to the extent that it can be regarded as a legitimate approximation.
when the velocity of the impurity exceeds the critical velocity, it tends to create infinite number of infinitely soft particle-hole pairs per unit time [4] (see also [9] ). Obviously, a full many-body treatment is required to describe such physics.
To conclude, we have demonstrated that arguments suggested in [6] as a proof of the possibility of adiabatic evolution and Bloch oscillations in the impurityfluid system are unjustified. In fact, common wisdom suggests that the adiabaticity breaks down in a gapless many-body system in the thermodynamic limit [10, 11] . The detailed investigation of this breakdown in a specific system can be found e.g. in [11] [12] [13] . 3 We believe that the possibility of adiabatic evolution in the impurity-fluid system advocated by Schecter, Gangardt and Kamenev is an extraordinary claim which requires an extraordinarily solid proof. No such proof has been presented up to date.
